ABSTRACT Depression is well known to contribute to ischemic heart disease (IHD) development. However, IHD is difficult to diagnose in the critical care setting because symptoms are masked when combined with depressive manifestations. We assessed the associations between depression and factors involved in lifestyle-related diseases. The study population was 397 consecutive patients with mental disorders, seen in our emergency room (ER) between May 2009 and May 2010. We analyzed patients with depression (n=269) as compared to other mental disorders (n=128) (Schizophrenia [n=116], Anxiety neurosis [n=8], Dissociative disorder [n=4]) in terms of individual background factors (age, gender, systolic and diastolic blood pressures, any history of IHD, hypertension, diabetes mellitus, hyperlipidemia), white blood cell count and C-reactive protein using logistic regression. When adjusted for age, the hypertension rates were significantly higher in patients with than in those without depression (40.6% vs. 19.7%; p=0.009). In a multivariate analysis, history of hypertension was independently associated with patients with and without depression (p=0.045; odds ratio, 1.97 [95% CI, 1.01-3.89]). Furthermore, the risk of moderate cardiovascular events was significantly higher in hypertensive patients with depression than in hypertensive patients without depression (34.6% vs. 13.0%, p<0.001). In conclusion, the results suggest that depression is significantly frequently accompanied by hypertension and that patients with depression need to be managed as those at an elevated risk for cardiovascular disease. (JJAAM. 2013; 24: 77-84) 
Introduction
In May 2009, a full-service emergency room (ER) was established at Teikyo University Hospital to provide primary and secondary emergency care, mainly accepting patients requiring ambulance service to the ER during general outpatient service hours. In the ER, patients with mental disorders were routinely seen for medical examinations. However, in these patients, it can be difficult to diagnose critical diseases, such as cardiovascular disorders, in the ER due to masking of essential symptoms by depressive symptoms. Therefore, patients with mental disorders should receive special attention, particularly patients with depression. Depression and ischemic heart disease (IHD) are both very common diseases 1) , and the presence of depression and IHD together worsens outcomes 2, 3) . Although the association between IHD and depression was thus demonstrated many years ago, there are many unresolved questions about the association between depression and factors involved in lifestyle-related diseases, known to be closely involved in the onset of IHD. The present study was undertaken to identify depression-associated factors of lifestyle-related diseases, including a history of IHD.
Material and Methods §Subjects and Analysis of Objectives
The study population was comprised of 397 consecutive patients with mental disorders seen between May 2009 and May 2010 in the ER at our hospital. The medical records of each patient were checked, and the disease history was taken by interview. Mental disorders had previously been confirmed at the Department of Psychiatry, Teikyo University Hospital. Using logistic regression, we compared the demographics and medical histories of patients with depression (n=269) to those of patients with other mental disorders (n=128), including schizophrenia (n=116), anxiety neurosis (n=8), and dissociative disorder (n=4). Specifically, gender, systolic and diastolic blood pressures, white blood cell (WBC) count, C-reactive protein (CRP), and histories of IHD, hypertension, diabetes mellitus (DM), and hyperlipidemia were examined.
Patients with and without hypertension were stratified according to the rate of cardiovascular disease, as outlined in the Japanese Society of Hypertension criteria published in 2009. This study was approved by the Ethics Committee of Teikyo University Hospital (Teikyo Ethics Committee Approval No.11-083). §Statistical Analysis Continuous variables were expressed as means ± standard deviations. The two groups were compared using the t-test or Mann-Whitney's U-test. Intergroup comparisons were carried out using Fisher's exact test or the Chisquared (c 2 ) test. To adjust the data for age, the MantelHaenszel test was conducted on nominal scale data with age categories serving as a confounding factor, while binomial logistic analysis was conducted on continuous data. Spearman's rank correlation coefficient was applied. Associations between depression and other mental disorders in terms of individual background factors (age, gender, systolic and diastolic blood pressures, WBC count, CRP, and histories of IHD, hypertension, DM, and hyperlipidemia) were evaluated using univariate logistic analysis. Subsequently, background factors with P-values less than 0.2 and the presence or absence of depression were subjected to multivariate logistic analysis, and results were expressed in terms of odds ratios (OR) with 95% confidence intervals (CI). Differences with P-values less than 0.05 were considered statistically significant. The SPSS statistical package for Windows, version 11.0.1J (SPSS Inc., IL, USA) was used for all analyses.
Results
The analysis of reasons why the study population visited the ER revealed that mental complaints such as dizziness, palpitations, and shortness of breath were the major factors triggering an ER visit in 67 (24.9%) of the 269 depressed patients and 45 (35.1%) of the 128 patients with a nondepressive psychiatric disease (37 of the 116 patients with schizophrenia, 7 of the 8 patients with anxiety neurosis, and 1 of the 4 patients with dissociative disorder). Table 1 gives comparisons of background factors according to the presence or absence of depression after adjustment for age. Because age was significantly higher in the depressed patient group (56.5 ± 19.5 years vs. 48.8 ± 17.2 years, p<0.001) and it has been shown that the prevalence of IHD and lifestyle-related diseases tends to rise with age, the present study incorporated an adjustment for age by using the Mantel-Haenszel test for nominal scale data (with age categories serving as a confounding factor) and binomial logistic analysis for continuous data. When analyzed in this way, rates of hypertension were significantly higher in patients with depression than in patients without depression (40.6% vs. 19.7%, p=0.009). As shown in Table 2 , pertinent data were first subjected to univariate logistic analysis using the presence or absence of depression as the dependent variable and the following parameters as independent variables: age, gender, systolic and diastolic blood pressures, WBC count, CRP, and histories of IHD, hypertension, DM, and hyperlipidemia. Then, dependent variables were subjected to multivariate logistic analysis, and the results are presented in Table 2 .
Independent factors with P-values less than 0.2 were age, systolic blood pressure, hypertension, IHD, and hyperlipidemia. In the multivariate logistic analysis, the c 2 test yielded a P-value of less than 0.001, the HosmerLemeshow test value was acceptable (0.083), and the discriminatory predictive value was 67.4%, indicating that history of hypertension constituted an independent factor associated with the presence depression (p=0.045; OR, 1.97 [95% CI, 1.01-3.89]). Fig. 1 illustrates the risk for cardiovascular disease in hypertensive patients with or without the complication of depression. We stratified the patients with hypertension according to the incidence of cardiovascular disease, as outlined in the Japanese Society of Hypertension 2009 guidelines. Patients were divided into 4 groups (none, low, moderate, and high) according to their risk of cardiovascular disease. The percentage of patients allocated to the moderate-risk category was evidently higher in the depression group than in the nondepressive psychiatric disease group (34.6% vs. 13.0%, p<0.001). In contrast, the percentage of patients allocated to the no-risk category or the low-risk category was markedly lower in the depression group than in the nondepressive psychiatric disease group (5.5% vs. 53.8%, p<0.001; and 6.8% vs. 23.1%, p<0.001, respectively). However, the percentage of patients allocated to the high-risk category did not significantly differ between the 2 groups (9.8% vs. 6.5%, NS).
Discussion
In the current study, we analyzed the association between depression and factors of lifestyle-related diseases. Depression is known to contribute to the onset of IHD, and depression accompanied by hypertension is known as a major factor responsible for the onset of IHD 4) . Other studies have described integral medical therapies for comorbid depression and hypertension to improve patient outcomes, suggesting that comorbid depression and hypertension may contribute to the increased mortality rate in patients with IHD [5] [6] [7] [8] [9] . Fig. 1 illustrates the percentage of patients rated at each level of cardiovascular risk in the depression group and the nondepressive psychiatric disease group. The risk was rated higher in patients having hypertension or a larger number of risk factors. The percentage of patients having normal blood pressure or grade 1 hypertension (140 to 159/90 to 99 mmHg) or free of cardiovascular risk factors was higher in the nondepressive psychiatric disease group than in the depression group, whereas the percentage of patients having grade I or II hypertension (160 to 179/100 to 109 mmHg) or possessing 1 or 2 cardiovascular risk factors (other than DM) was higher in the depression group than in the nondepressive psychiatric disease group. These findings seem to be consistent with previous reports that depression tends to be associated with lifestyle-related diseases such as IHD and hypertension [1] [2] [3] [4] [5] [6] [7] [8] [9] , although the percentage of patients allocated to the high cardiovascular risk category was low and did not differ between the depression group and the nondepressive psychiatric disease group in the present study. In this study, the cardiovascular risk was rated as high (high-risk category) in patients having grade 2 hypertension (160 to 179/100 to 109 mmHg) and 2 cardiovascular risk factors or having grade III hypertension (over 180/over 110 mmHg) or possessing 3 or more cardiovascular risk factors. In the depression group, the cardiovascular risk was rated high in 17 patients having grade III hypertension and 3 patients possessing 3 or more cardiovascular risk factors. In the nondepressive psychiatric disease group, the cardiovascular risk was rated high in 7 patients with schizophrenia (grade III hypertension, 5 patients; 3 or more cardiovascular risk factors, 2 patients). Such a low percentage of patients rated as having high cardiovascular risk also seemed to be associated with treatment of hypertension or with age. For this reason, we analyzed the percentage of patients rated at high risk in relation to covariables (presence/absence of hypertension treatment and age categories), but none of these covariables were found to affect the cardiovascular risk assessment (data not shown). Thus, the exact reason is unknown but it seems likely that the low percentage of patients allocated to the high-risk category is associated with the tendency for low blood pressure among the patients enrolled in this study and the insufficient total number of patients studied.
In univariate logistic analysis, for systolic blood pressure was strongly related to depression. Generally, systolic blood pressure increases gradually with advancing age, while diastolic blood pressure rises progressively until approximately age 50 and remains essentially unchanged thereafter. The majority of subjects with hypertension who are over 60 years of age have only high systolic blood pressure 10) . Moreover, sheer stress on blood vessels has been shown to be increased by elevated pulse Patients with hypertension were stratified into cardiovascular disease risk categories according to the Japanese Society of Hypertension (2009). The percentage of patients allocated to the moderate-risk category was evidently higher in the depression group than in the nondepressive psychiatric disease group (34.6% vs. 13.0%, p<0.001). In contrast, the percentage of patients allocated to the no-risk category or the low-risk category was markedly lower in the depression group than in the nondepressive psychiatric disease group (5.5% vs. 53.8%, p<0.001; and 6.8% vs. 23.1%, p<0.001, respectively). However, the percentage of patients allocated to the high-risk category did not differ between the 2 groups (9.8% vs. 6.5%, NS). pressure due to systolic hypertension 11) , and the circulation of unstable blood within the vascular system has been associated with the risk of stroke 10) . Our data revealed that systolic blood pressure, rather than diastolic blood pressure, was strongly related to depression in univariate logistic analysis, which may reflect the high number of patients experiencing comorbid depression and IHD before reaching 60 years of age.
The biological mechanism through which depression and hypertension are associated remains unclear. Previous studies have shown that depression contributes to disease and death through immune dysregulation, which is exacerbated by atherosclerotic factors, cardiovascular disease, hypertension, age, and DM 12) . Furthermore, depression is known to occur in patients who experience hypertension mediated by the hypothalamic-pituitary-adrenocortical (HPA) axis. With this chronic imbalance in the autonomic nervous system, hydrocortisone produced by the HPA system induces endothelial injury, subsequently resulting in hypertension and atherosclerosis 13) . Sympathetic activity has also been shown to be involved in the development of hypertension 14, 15) . Chronic sympathetic hyperactivity increases the cardiovascular workload and predisposes the patient to cardiovascular cellular damage 16) . On the other hand, vagal nerve activation is protective against ventricular arrhythmias during myocardial ischemia as consequence of depressed baroreflex sensitivity 17) , and therefore, b-blockers that lower heart rate and reduce heart contractions are expected to effectively suppress the compensatory sympathetic nerve activity which is hazardous to the heart in the long run and are known to decrease all-cause mortality 18, 19) . The mechanism for onset of hypertension and other lifestylerelated diseases secondary to depression has been described above. Regarding the reverse case of patients developing depression secondary to lifestyle-related diseases including IHD, as investigated in the present study, a health survey in the United States revealed the annual odds for the onset of major depressive disorder: 2.00 in patients with hypertension, 2.30 in patients with coronary artery disease, and 1.96 in patients with DM 20) . Inamitsu et al reported that hypertension is likely to be complicated by depression, with the risk for onset of depression being about 3 times the risk in a hypertensionfree control group, and that coronary artery disease is also likely to be complicated by depression, with the risk also being about 3 times higher than in a control group 21) . Regarding the prevalence of lifestyle-related diseases including IHD in Japan, the outline of the national health and nutrition survey for the fiscal year 2010 (published by the Ministry of Health, Labour and Welfare) shows that the prevalence of hypertension among men was 21.5% at age 40 to 49 and 57.5% at age 70 and over, and its prevalence among women was 10% at age 40 to 49 and 57% at age 70 and over. Thus, the prevalence of hypertension was higher than that of DM and hyperlipidemia, and men aged over 70 having DM or hyperlipidemia had a particularly high (about twice as high) prevalence of hypertension. Regarding the prevalence of angina pectoris and myocardial infarction, the same report showed that the prevalence of angina pectoris was 7.5% in men aged over 70 and 3.4% in women aged over 70, and the prevalence of myocardial infarction was 9.3% in men and 6.5% in women of the same age group. Regarding the possible factors explaining the likelihood for the development of depression in hypertensive patients, the report points out the personality characteristic (methodical, earnest and having a strong sense of responsibility) common to hypertensive patients and depressed patients 22) . In addition, it has been reported that stress on blood vessels due to hypertension activates an adrenocortical hormone, leading to activation of HPA axis, thus causing an imbalance in the autonomic nervous system 23) . Thus, the significantly high percentage of depressed patients having a history of hypertension shown in previous reports and the present study seems to reflect: 1) a higher prevalence of hypertension than the prevalence of any other lifestyle-related diseases in Japan; 2) a tendency for hypertensive patients to have a personality characteristic resembling depressed patients regardless of age group; and 3) the close involvement of hypertensionrelated stress on blood vessels in the etiology of depression.
Stress and insomnia are closely related not only to hypertension but also other lifestyle-related diseases such as hyperlipidemia and DM. There are interactions between lifestyle-related diseases and insomnia, forming a vicious cycle (aggravation of one of them leading to aggravation of the other) that has the potential to induce depression 24) . The onset of depression secondary to IHD has been reported to involve factors such as smoking, unfavorable dietary patterns, and physical inactivity 25) . In the present study, the prevalence of depression with a history of IHD was lower than the prevalence of depression with a history of hypertension. We cannot rule out that this reflects a difference in the prevalence between these 2 diseases in Japan. However, smoking, un-Moriyuki Terakura, et al favorable dietary patterns, and physical inactivity among patients with IHD have not been analyzed in detail and their involvement in the onset of depression remains unknown. Despite this, the univariate analysis performed during the present study revealed a significant association between IHD and depression, and previous reports demonstrated a 2-to 3-fold higher risk for the onset of depression in patients with IHD, similar to the risk in patients with hypertension 20, 21) . Therefore, care needs to be taken when dealing with patients with IHD regarding a possible complication of developing depression, in a way similar to that used when dealing with patients with hypertension.
In the present study, no significant association between DM and depression was noted. This is probably explained as follows. In the nondepressive psychiatric disease group, DM was seen in 13 (10.2%) patients, all of whom were diagnosed with the nondepressive psychiatric disease schizophrenia. Patients with schizophrenia often have poor health behaviors and medication side effects. Because of this background, DM is considered to be relatively likely to be complicated by schizophrenia 26) . Such an association between DM and schizophrenia probably resulted in there being no difference in the prevalence of DM between the depression group and the nondepressive psychiatric disease group.
This study had several limitations. First, this study was designed as a retrospective study; the majority of the information used was derived from medical records. For this reason, a detailed assessment of patient personality and other information on individual patients (eg, sleep status) could not be sufficiently carried out. As described above, the onset of depression is closely associated with lifestyle-related diseases, personality and sleep status. It is desirable to analyze personality and sleep status as well in this kind of study.
Second, the average systolic blood pressure was 133.3 ± 26.1 mmHg and therefore did not meet the criteria for hypertension (blood pressure exceeding 140/90 mmHg), which may reflect the predominance of the relatively younger population in our study, where patients with depression averaged 56.5 ± 19.4 years of age and patients without depression averaged 48.8 ± 17.2 years of age.
According to the Japanese Society of Hypertension, the average systolic blood pressure in our study corresponded to the normal hypertension category. Despite this, our results demonstrated that among patients in the moderate-risk group for the development of cardiovascular disease, those with depression were more likely to have risk for cardiovascular disease than those without depression. Therefore, attention should be given to ris cardiovascular disease development, even in relatively young patients.
In conclusion, the results from this study suggest that depression is significantly frequently accompanied by hypertension and that about half of patients with depression accompanied by hypertension have a moderate or high risk for cardiovascular disease (eg, IHD).
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